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Section S1. Preparation and characterization of SUPs and protein-SUP complexes

Supplementary Table 1. SUP samples used in this work

Name Isoelectric point Sequence Molecular weight
(p1) (kDa)
eGFP 6.0 eGFP 27.4
eGFP-E36 4.57 eGFP-(GEGVP)3sHs 46.6
eGFP-K18 9.8 eGFP-(GKGVP)1gHe 379
eGFP-K36 10.3 eGFP-(GKGVP)36Hs 46.6
GFP-K72 10.7 eGFP-(GKGVP)7;He 64.0
K72 11.85 (GKGVP)72Hs 36.4
VA40K72 11.85 (GVGVP)40(GKGVP)7,Hg 52.8
CpsfCherry2-K72 10.15 CpsfCherry2-(GKGVP)7;Hs 62.9
Sn-K72 10.98 Sn-(GKGVP)7,He 44.1
mIFP-K72 10.45 mIFP-(GKGVP)72He 73.0
K36-SfGFP-K36 10.7 (GKGVP)36-SfGFP-(GKGVP)36Hs 63.8
K36-SfCherry2-K36(K198C) 10.17 (GKGVP)se- SfCherry2-(GKGVP)sgHs 62.5




Supplementary Note 1. Sequences of SUPs and protein-SUP complexes

eGFP

MASKGEELFTGVVPILVELDGDVNGHKFSVSGEGEGDATYGKLTLKFICTTGKLPVPWPTLVTTLTYGVQCFSRYPDHMKRHDFFKSAMPE
GYVQERTISFKDDGNYKTRAEVKFEGDTLVNRIELKGIDFKEDGNILGHKLEYNYNSHNVYITADKQKNGIKANFKIRHNIEDGSVQLADHYQ
QNTPIGDGPVLLPDNHYLSTQSALSKDPNEKRDHMVLLEFVTAAGITHGMDELHHHHHH

Size: 243 AAs
MW: 27378.77 Da
pl: 6.0

Net charge: -6.6

eGFP-E36

MASKGEELFTGVVPILVELDGDVNGHKFSVSGEGEGDATYGKLTLKFICTTGKLPVPWPTLVTTLTYGVQCFSRYPDHMKRHDFFKSAMPE
GYVQERTISFKDDGNYKTRAEVKFEGDTLVNRIELKGIDFKEDGNILGHKLEYNYNSHNVYITADKQKNGIKANFKIRHNIEDGSVQLADHYQ
QNTPIGDGPVLLPDNHYLSTOQSALSKDPNEKRDHMVLLEFVTAAGITHGMDELGVVGLYPRGSHMGAGPGVGVPGEGVPGEGVPGEGY
PGEGVPGEGVPGEGVPGEGVPGEGVPGEGVPGVGVPGEGVPGEGVPGEGVPGEGVPGEGVPGEGVPGEGVPGEGVPGEGVPGVGVP
GEGVPGEGVPGEGVPGEGVPGEGVPGEGVPGEGVPGEGVPGEGVPGVGVPGEGVPGEGVPGEGVPGEGVPGEGVPGEGVPGEGVPG
EGVPGEGVPGWPHHHHHH

Size: 462 AAs
MW: 46650.65 Da
pl: 4.57

Net charge: -41.5



eGFP-K18

MASKGEELFTGVVPILVELDGDVNGHKFSVSGEGEGDATYGKLTLKFICTTGKLPVPWPTLVTTLTYGVQCFSRYPDHMKRHDFFKSAMPE
GYVQERTISFKDDGNYKTRAEVKFEGDTLVNRIELKGIDFKEDGNILGHKLEYNYNSHNVYITADKQKNGIKANFKIRHNIEDGSVQLADHYQ
ONTPIGDGPVLLPDNHYLSTOSALSKDPNEKRDHMVLLEFVTAAGITHGMDELGVVGLVPRGSHMGAGPGVGVPGKGVPGKGVPGKGYV

PGKGVPGKGVPGKGVPGKGVPGKGVPGKGVPGVGVPGKGVPGKGVPGKGVPGKGVPGKGVPGKGVPGKGVPGKGVPGKGVPGWPH
HHHHH

Size: 362 AAs
MW: 37904.29 Da
pl: 9.8

Net charge: +12.5

eGFP-K36

MASKGEELFTGVVPILVELDGDVNGHKFSVSGEGEGDATYGKLTLKFICTTGKLPVPWPTLVTTLTYGVQCFSRYPDHMKRHDFFKSAMPE
GYVQERTISFKDDGNYKTRAEVKFEGDTLVNRIELKGIDFKEDGNILGHKLEYNYNSHNVYITADKQKNGIKANFKIRHNIEDGSVQLADHYQ
QNTPIGDGPVLLPDNHYLSTOQSALSKDPNEKRDHMVLLEFVTAAGITHGMDELGVVGLVPRGSHMGAGPGVGVPGKGVPGKGVPGKGY
PGKGVPGKGVPGKGVPGKGVPGKGVPGKGVPGVGVPGKGVPGKGVPGKGVPGKGVPGKGVPGKGVPGKGVPGKGVPGKGVYPGVGVP
GKGVPGKGVPGKGVPGKGVPGKGVPGKGVPGKGVPGKGVPGKGVPGVGVPGKGVPGKGVPGKGVPGKGVPGKGYPGKGVPGKGVPG
KGVPGKGVPGWPHHHHHH

Size: 462 AAs
MW: 46616.5 Da
pl: 10.3

Net charge: +30.5



eGFP-K72

MASKGEELFTGVVPILVELDGDVNGHKFSVSGEGEGDATYGKLTLKFICTTGKLPVPWPTLVTTLTYGVQCFSRYPDHMKRHDFFKSAMPE

GYVQERTISFKDDGNYKTRAEVKFEGDTLVNRIELKGIDFKEDGNILGHKLEYNYNSHNVYITADKQKNGIKANFKIRHNIEDGSVQLADHYQ

QNTPIGDGPVLLPDNHYLSTOQSALSKDPNEKRDHMVLLEFVTAAGITHGMDELGVVGLVPRGSHMGAGPGVGVPGKGVPGKGVPGKGY
PGKGVPGKGVPGKGVPGKGVPGKGVPGKGVPGVGVPGKGVPGKGVPGKGVPGKGVPGKGVPGKGVPGKGVPGKGVPGKGVYPGVGVP
GKGVPGKGVPGKGVPGKGVPGKGVPGKGVPGKGVPGKGVPGKGVPGVGVPGKGVPGKGVPGKGVPGKGVPGKGYPGKGVPGKGVPG
KGVPGKGVPGVGVPGKGVPGKGVPGKGVPGKGVPGKGVPGKGVPGKGVPGKGVPGKGVPGVGVPGKGYPGKGVPGKGVPGKGVPGK
GVPGKGVPGKGVPGKGVPGKGVPGVGVPGKGVPGKGVPGKGVPGKGVPGKGVPGKGVPGKGVPGKGVPGKGVPGVGVPGKGVPGKG
VPGKGVPGKGVPGKGVPGKGVPGKGVPGKGVYPGKGVPGWPHHHHHH

Size: 664 AAs
MW: 64041.6 Da
pl: 10.7

Net charge: +66.5

K72

MGAGPGVYGVPGKGVPGKGVPGKGVPGKGVPGKGVPGKGVPGKGVPGKGYPGKGVPGVGVPGKGVPGKGVPGKGVPGKGVPGKGVP
GKGVPGKGVPGKGVPGKGVPGVGVPGKGVPGKGVPGKGVYPGKGVPGKGVPGKGVPGKGVPGKGVPGKGVPGVGVYPGKGVPGKGVPG
KGVPGKGVPGKGVPGKGVPGKGVPGKGVPGKGVPGVGVPGKGVPGKGVPGKGVPGKGVPGKGVPGKGVPGKGVYPGKGVPGKGVPGY
GVPGKGVPGKGVPGKGVPGKGVPGKGVPGKGVPGKGVPGKGYPGKGVPGVGVPGKGVPGKGVPGKGVPGKGVPGKGVPGKGVPGKG
VPGKGVPGKGVPGVGVPGKGVPGKGVPGKGVPGKGVPGKGVPGKGVPGKGVPGKGVPGKGYPGWPHHHHHH

Size: 414 AAs
MW: 36444.58 Da
pl: 11.85

Net charge: +72



V40K72

MGAGPGVYGVPGVGVPGVGVPGVGVPGVGVPGVGVPGVGVPGVGVPGVGVPGVGVPGVGVPGVGVPGVGVPGVGVPGVGVPGVGY
PGVGVPGVGVPGVGVPGVGVPGVGVPGVGVPGVGVYPGVGVPGVYGVPGVGVPGVGVPGVGVPGVGVPGVGVPGVGVPGVGVPGVG
VPGVGVPGVGVPGVGVPGVGVPGVGVPGVGVPGVGVPGVGVPGKGVPGKGVPGKGVPGKGVPGKGVPGKGVPGKGVPGKGVPGKG
VPGVGVPGKGVPGKGVPGKGVPGKGVPGKGVPGKGVPGKGVPGKGVPGKGVPGVGVPGKGVPGKGVPGKGVPGKGVPGKGVPGKGY
PGKGVPGKGVPGKGVPGVGVPGKGVPGKGVPGKGVPGKGVYPGKGVPGKGVPGKGVPGKGVPGKGVPGVGVPGKGVPGKGVPGKGVP
GKGVPGKGVPGKGVPGKGVPGKGVPGKGVPGVGVPGKGVYPGKGVPGKGVPGKGVPGKGVPGKGVPGKGVPGKGVPGKGVPGVGVPG
KGVPGKGVPGKGVPGKGVPGKGVPGKGVPGKGVPGKGVPGKGVPGVGVPGKGVPGKGVPGKGVPGKGVPGKGVPGKGVYPGKGVPGK
GVPGKGVPGWPHHHHHH

Size: 614 AAs
MW: 52824.91 Da
pl: 11.85

Net charge: +72

CpsfCherry2-K72(K198C)

MHHHHHHGGGSYTIVEQYERAEARHSTGGGSGGGSHGVGVPGKGVPGKGVPGKGVPGKGVPGKGYPGKGVPGKGVPGKGVPGKGVP
GVGVPGKGVPGKGVPGKGVPGKGVPGKGVPGKGVPGKGVPGKGVPGKGVPGVGVPGKGVPGKGVPGKGVPGKGYPGKGVPGKGVPG
KGVPGKGVPGKGVPGVGVPGKGVPGKGVPGKGVPGKGVPGKGVPGKGVPGKGVPGKGVPGKGYPGYGVPGKGVPGKGVPGKGVPGK
GVPGKGVPGKGVPGKGVPGKGVPGKGVPGVGVPGKGVPGKGVYPGKGVPGKGVPGKGVPGKGVPGKGVPGKGVYPGKGVPGVGVPGKG
VPGKGVPGKGVPGKGVPGKGVPGKGVPGKGVYPGKGVPGKGVPGVGVPGKGVPGKGVPGKGVPGKGVPGKGVPGKGVPGKGVPGKGY
PGKGVPGRPGGGSGGGSMEEDNMAIIKEFMRFKVHMEGSVNGHEFEIEGEGEGHPYEGTQTAKLKVTKGGPLPFAWDILSPQFMYGSK
AYVKHPADIPDYLKLSFPEGFTWERVMNFEDGGVVTVTQDSSLODGQFIYKVKLLGINFPSDGPVMQKKTMGWEASTERMYPEDGALKG
EINQRLKLKDGGHYDAEVKTTYKAKKPVQLPGAYNVDICLDITSHNED

Size: 655 AAs
MW: 62911.15 Da
pl: 10.15

Net charge: +63.2



Sn-K72

MAGGCKGADGAHGVNGCPGTAGAAGSVGGPGCDGGHGGNGGNGNPGCAGGYGGAGGASGGTGVGGRGGKGGSGTPKGADGAP
GAPAGGGGSGGGGSHMGAGPGVGVPGKGVPGKGVPGKGVPGKGVPGKGVPGKGVPGKGVPGKGVPGKGVPGVGVPGKGVPGKGY
PGKGVPGKGVPGKGVPGKGVPGKGVPGKGVPGKGVPGVGVPGKGVPGKGVPGKGVPGKGVPGKGVPGKGVPGKGVPGKGVPGKGVP
GVGVPGKGVPGKGVPGKGVPGKGVPGKGVPGKGVPGKGVPGKGVPGKGVPGVGVPGKGVPGKGVPGKGVPGKGVPGKGVPGKGVPG
KGVPGKGVPGKGVPGVGVPGKGVPGKGVPGKGVPGKGVPGKGVPGKGVPGKGVPGKGVPGKGVPGVGVPGKGVPGKGVPGKGVPGK
GVPGKGVPGKGVPGKGVPGKGVPGKGVPGVGVPGKGVPGKGVPGKGVPGKGVPGKGVPGKGVPGKGVPGKGVPGKGYPGWPHHHH
HH

Size: 511 AAs
MW: 44065.54 Da

pl: 10.98

mIFP-K72

MASSVPLTTSAFGHAFLANCEREQIHLAGSIQPHGILLAVKEPDNVVIQASINAAEFLNTNSVVGRPLRDLGGDLPLQILPHLNGPLHLAPMT
LRCTVGSPPRRVDCTIHRPSNGGLIVELEPATKTTNIAPALDGAFHRITSSSSLMGLCDETATIREITGYDRVMVVRFDEEGNGEILSERRRAD

LEAFLGNRYPASTIPQIARLLYEHNRVRLLYDVNYTPVPLQPRISPLNGRDLDMSLSCLRSMSPIHOQKYMQDMGVGATLVCSLMVSGRLWG

LIACHHYEPRFVPFHIRAAGEALAETCAIRIATLESFAQSQSKELGVVGLVPRGSHMGAGPGVGVPGKGYPGKGVPGKGVPGKGVPGKGVP
GKGVPGKGVPGKGVPGKGVPGVGVPGKGVPGKGVPGKGVYPGKGVPGKGVPGKGVPGKGVPGKGVPGKGVPGVGVYPGKGVPGKGVPG
KGVPGKGVPGKGVPGKGVPGKGVPGKGVPGKGVPGVGVPGKGVPGKGVPGKGVPGKGVPGKGVPGKGVPGKGVPGKGVPGKGVPGY
GVPGKGVPGKGVPGKGVPGKGVPGKGVPGKGVPGKGVPGKGYPGKGVPGVGVPGKGVPGKGVPGKGVPGKGVPGKGVPGKGVPGKG
VPGKGVPGKGVPGVGVPGKGVPGKGVPGKGVPGKGVPGKGVPGKGVPGKGVPGKGVPGKGVPGVGVPGKGVPGKGVPGKGVPGKGY
PGKGVPGKGVPGKGVPGKGVYPGKGVPGWPHHHHHH

Size: 749 AAs
MW: 72953.66 Da

pl: 10.45



K36-SfGFP-K36

HMSHGVGVPGKGVPGKGVPGKGVPGKGVPGKGVPGKGVPGKGVPGKGVPGKGVPGVGVPGKGVPGKGVPGKGVPGKGVPGKGVPG
KGVPGKGVPGKGVPGKGVPGVGVPGKGVPGKGVPGKGVPGKGVPGKGVPGKGVPGKGVPGKGYPGKGVPGVGVPGKGVPGKGVPGK
GVPGKGVPGKGVPGKGVPGKGVPGKGVPGKGVPGVGGGGSGGGSMISKGEELFTGVVPILVELDGDVNGHKFSVRGEGEGDATIGKLTL
KFIATTGKLPVPWPTLVTTFSYGVQCFSRYPDHMKQHDFFKSAMPEGYVQERTIFFKDDGKYKTRAVVKFEGDTLVNRIELKGTDFKEDGNI
LGHKLEYNFNSHNVYIMADKQKNGIKVNFTVRHNVEDGSVQLADHYQQNTPIGDGPVLLPDNHYLSTCTVLSKDPNEKRDHMVLHEYVN
AAGITHGMDELYKGGGSGGGSWPGVPGKGVPGKGVPGKGVPGKGVPGKGYPGKGVPGKGVYPGKGVPGKGVPGVGVPGKGVPGKGVP
GKGVPGKGVPGKGVPGKGVPGKGVPGKGVPGKGVPGVGVPGKGVPGKGVPGKGVYPGKGVPGKGVPGKGVPGKGYPGKGVPGKGVPG
VGVPGKGVPGKGVPGKGVPGKGVPGKGVPGKGVPGKGVPGKGVPGKGVPGVG

Size: 664 AAs
MW: 63773.28 Da
pl: 10.7

Net charge: +67.1

K36-SfCherry2-K36(K198C)

HMSHGVGVPGKGVPGKGVPGKGVPGKGVPGKGVPGKGVPGKGVPGKGVPGKGVPGVGVPGKGVPGKGVPGKGYPGKGVPGKGVPG
KGVPGKGVPGKGVPGKGVPGVGVPGKGVPGKGVPGKGVPGKGVPGKGVPGKGVPGKGVPGKGYPGKGVPGVGVPGKGVPGKGVPGK
GVPGKGVPGKGVPGKGVPGKGVPGKGVPGKGVPGRPGGGSGGGSMEEDNMAIIKEFMRFKVHMEGSYNGHEFEIEGEGEGHPYEGTQ
TAKLKVTKGGPLPFAWDILSPQFMYGSKAYVKHPADIPDYLKLSFPEGFTWERVMNFEDGGVVTVTQDSSLODGQFIYKVKLLGINFPSDGP
VMQKKTMGWEASTERMYPEDGALKGEINQRLKLKDGGHYDAEVKTTYKAKKPVQLPGAYNVDICLDITSHNEDYTIVEQYERAEARHSTG
GGSGGGSWPGVPGKGVPGKGVPGKGVPGKGVPGKGVPGKGVPGKGVPGKGVPGKGVPGVGVPGKGYPGKGVPGKGVPGKGVPGKG
VPGKGVPGKGVPGKGVPGKGVPGVGVPGKGVPGKGVPGKGVPGKGVPGKGVPGKGVPGKGVPGKGVPGKGYPGVGVPGKGVPGKGY
PGKGVPGKGVPGKGVPGKGVPGKGVPGKGVPGKGVPGRP

Size: 650 AAs
MW: 62491.79 Da
pl: 10.17

Net charge: +63.8
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Figure S1. Schematic for the preparation of SUPs via recombinant DNA technology. (a) Recursive directional ligation (RDL) was used for
the molecular cloning of SUP plasmid. (b) The fused SUPs were expressed in E. coli system.
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Figure S2. SDS-PAGE characterization of SUP samples. Protein Ladder molecular weight markers were shown in each gel image. (a) eGFP;
(b) eGFP-E36; (c) eGFP-K18, eGFP-K36, and eGFP-K72; (d) K72 and Sn-K72; (e) mIFP-K72; (f) K36-SfGFP-K36. It should be noted that the
electrophoretic mobility of highly charged SUP samples are slightly different from folded proteins, which usually exhibit a larger apparent
mass than standard mass markers.
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Figure S3. MALDI-TOF mass spectra of SUP samples. (a) eGFP; (b) eGFP-E36; (c) eGFP-K18; (d) eGFP-K36; (e) eGFP-K72; (f) K36-SfGFP-
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Section S2. Characterization of nanopipettes
Supplementary Note 2. Approximation of the diameter of nanopipettes

Nanopipettes were approximated as truncated hollow cones in order to model their resistive properties. The resistance
then was determined by its inner cone angle and aperture radius according to the equation:!

1 1 1

Raccess ~

=——+ — 4+
P kmritan kmritan @ = 4kr

where R, is the nanopipette resistance, 7; is the inner pipette radius, k is the solution conductivity, and 6 is the inner
nanopipette half-cone angle.

In this work, the nanopipette resistance was calculated by fitting the /-V data, shown in Figure S4. The inner half cone
angle of nanopipettes was measured using SEM, imaging the top 100 nm of the pipette tip.

15
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Figure S4. Conductance characterization of nanopipettes. The nanopipettes used in this work were fabricated from quartz capillaries (ID:
0.5 mm, OD: 1.0 mm) by a laser-assisted puller. (a) I-V curves were measured in 1 M KCI, 10 mM Tris-EDTA, pH 8.0 buffer. The nanopore
conductance was estimated to be 20.0 + 1.6 nS fitted as a linear curve. (b-g) SEM images of the nanopipettes show the taper and
geometry (scale bar: 100 nm). The outer half cone angle were directly measured from these side-view images. We assumed the inner
semi-angle is equal to the outer semi-angle when calculating the nanopore size.
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Figure S5. Power spectral density (PSD) plots of the nanopore platform. PSD plots were measured in 1 M KCl, 10 mM Tris-EDTA, pH 8.0

buffer, under a voltage of 500 mV.
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Section S3. Nanopore translocation of protein-SUPs
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Figure S6. Capture rate of eGFP, eGFP-E36 and eGFP-K36. Distributions of the inter-event time (the time between successive captured
events) for (a) 750 nM eGFP, (b) 5 nM eGFP-E36, and (c) 5 nM eGFP-K36 at an applied voltage of 500 mV in 1 M KCI, 10 mM Tris-EDTA,
pH 8.0 buffer. Solid lines represent single-exponential fits, from which the protein capture rate was extracted.
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Figure S7. eGFP nanopore detection at a high concentration. 750 nM eGFP was used to obtain sufficient data for statistics due to the
low capture rate for native eGFP. Protein translocation was performed in 1 M KCl, 10 mM Tris-EDTA, pH 8.0 buffer at +500 mV.
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Figure S8. Nanopore detection of eGFP-K18, eGFP-K36 and eGFP-K72. Representative traces for the translocation of (a) 10 nM eGFP-
K18, (b) 10 nM eGFP-K36, and (c) 1 nM eGFP-K72. All the translocation experiments were performed in 1 M KCI, 10 mM Tris-EDTA, pH
8.0 buffer at -500 mV. Data were sampled at 1 MHz and digitally filtered using a Bessel low-pass filter at 10 kHz.

14



0.6 1 vecrp

04 | A eGFPK18

0.2 1

0.02 A
0.01 A

) 4

0.00

400 450 500 550 600
Applied Voltage (mV)

Norm. Capture Rate (snM?)

Figure S9. Voltage dependence of capture rate for eGFP and eGFP-K18. Normalized capture rate of cationic eGFP-SUPs was plotted as a
function of the applied voltage. In particular, eGFP and eGFP-K18 show an exponential increase with the voltage, which indicates its
nanopore translocation is limited by an energy barrier. Longer molecules, eGFP-K36 and eGFP-K72, present a linear increase with voltage.
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Figure S10. Dependence of peak amplitude on molecular weight. Peak amplitude of eGFP variants as a function of molecular weight.
The current amplitude shows an exponential increase in response to the increasing length of SUPs. This experiment was repeated at
least three times for each protein at 500 mV.

15



K72
(GKGVP)7,

o L. e

o
un
50 ms
-500 mv WWWML
<<
Q.
o
[Ta}
C d Ss
400
3 I 200
3 2 i
L 1@ = " 0 R ) | L
> S +—
= N g = 0 100 200 300 400 500
= @ 3 Dwell Time (ms)
£ K] O
< 5 150 -
3 N i 100 |
50
O [TTARYE 1 1
10* 10° 10* 10? 10° 0 50 100 150 200 250
Dwell Time (ms) Peak Amplitude (pA)

Figure S11. Nanopore detection of K72. (a) Protein model of K72 predicted by I-TASSER.2 (b) Typical events and current-time traces of 1
nM K72 translocation recorded in 1 M KCl, 10 mM Tris-EDTA, pH 8.0 buffer at -500 mV. Data were sampled at 1 MHz and digitally filtered
using a Bessel low-pass filter at 10 kHz. (c) Scatter plot of peak amplitude versus dwell time. (d) Distribution of the dwell time and peak
amplitude for K72 translocation.
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Figure S12. Nanopore detection of lambda-DNA. (a) Representative current-time traces of 100 pM lambda-DNA translocation were
recorded in 1 M KCl, 10 mM Tris-EDTA, pH 8.0 buffer at +500 mV. Data were sampled at 1 MHz and digitally filtered using a Bessel low-
pass filter at 10 kHz. (b) Typical events of unfolded and folded DNA molecules. (c) Scatter plot of peak amplitude versus dwell time. (d)
Distribution of the dwell time and peak amplitude for lambda-DNA translocation showing multiple folding levels.
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Figure S13. Dependence of subpeak amplitude on molecular weight. Subpeak amplitude of different proteins as a function of molecular
weight. The red line represents a linear fitting through the blue markers. This experiment was repeated at least three times for each
protein, showing a similar linear dependence for these globular proteins.
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Figure S14. Nanopore detection of VA0K72. (a) Protein model and sequence of V40K72. (b) Typical events and current-time traces of 1
nM V40K72 translocation were recorded in 1 M KCI, 10 mM Tris-EDTA, pH 8.0 buffer at -500 mV. Data were sampled at 1 MHz and
digitally filtered using a Bessel low-pass filter at 10 kHz. (c) Scatter plot of peak amplitude versus dwell time. (d) Distribution of the dwell
time and peak amplitude for V40K72 translocation.
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Figure $15. Nanopore detection of eGFP-K72 at low ionic strengths. (a) Schematic of eGFP-K72 translocation at a low salt concentration
(100 mM KCl, 10 mM10 mM Tris-EDTA, pH 8.0 buffer). In this case, the protein was added inside the nanopipette (trans chamber), and
a negative voltage was applied to drive protein molecules translocating from trans to cis side. Cationic SUPs had stronger electrostatic
interaction with the nanopore inner walls at low ionic strengths. (b) Typical events and current-time traces of 10 nM eGFP-K72 show a
two-level current signature with a subpeak at the end. (c) lllustration of eGFP-K72 translocation and corresponding current blockade. (d)
Scatter plots of peak amplitude versus dwell time for the first level (SUP level) and second level (GFP level). (e) Statistics for the subpeak
position and subpeak amplitude.
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Figure S16. Nanopore detection of K36-SfCherry-K36 and K36-SfGFP-K36. Representative current-time traces of (a)1 nM K36-SfCherry-
K36 and (b) 1 nM K36-SfGFP-K36 translocation recorded in 1 M KCI, 10 mM Tris-EDTA, pH 8.0 buffer at -500 mV. Data were sampled at
1 MHz and digitally filtered using a Bessel low-pass filter at 10 kHz. Distributions of the elapsed time between successive captured events
for (c) 1 nM K36-SfCherry-K36 and (d) 1 nM K36-SfGFP-K36 with a single-exponential decay fitting.
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Section S4. Quantification of single protein-protein interactions using protein-SUP probes
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Figure S17. Nanopore detection of anti-GFP antibody. (a) Protein model of anti-GFP antibody (IgG1). (b) Typical events and current-time
traces of 10 nM anti-GFP antibody translocation recorded in 1 M KCl, 10 mM Tris-EDTA, pH 8.0 buffer at -500 mV. Data were sampled
at 1 MHz and digitally filtered using a Bessel low-pass filter at 10 kHz. (c) Scatter plot of peak amplitude versus dwell time. (d) Distribution
of the dwell time and peak amplitude for anti-GFP antibody translocation.

22



eGFP with Anti-GFP antibody
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Figure S18. Nanopore detection of eGFP with anti-GFP antibody. (a) Protein model of eGFP-anti-GFP antibody complex. (b) Typical events
and current-time traces of 1 nM eGFP + 10 nM anti-GFP antibody translocation were recorded in 1 M KCl, 10 mM Tris-EDTA, pH 8.0
buffer at -500 mV. Data were sampled at 1 MHz and digitally filtered using a Bessel low-pass filter at 10 kHz. (c) Scatter plot of peak
amplitude versus dwell time. (d) Distribution of the dwell time and peak amplitude for the translocation of eGFP with anti-GFP antibody

(1: 10).
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K72 with Anti-GFP antibody
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Figure S19. Nanopore detection of K72 with anti-GFP antibody. (a) Protein model of K72 and anti-GFP antibody. (b) Typical events and
current-time traces of 1 nM K72 + 10 nM anti-GFP antibody translocation were recorded in 1 M KCI, 10 mM Tris-EDTA, pH 8.0 buffer at
-500 mV. Data were sampled at 1 MHz and digitally filtered using a Bessel low-pass filter at 10 kHz. (c) Scatter plot of peak amplitude
versus dwell time. (d) Distribution of the dwell time and peak amplitude for the translocation of K72 with anti-GFP antibody (1: 10).
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eGFP-K72 with Anti-GFP antibody ‘
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Figure S20. Nanopore detection of eGFP-K72 with anti-GFP antibody. (a) Protein model of eGFP-K72-anti-GFP antibody complex. (b)
Typical events and current-time traces of 1 nM eGFP-K72 + 10 nM anti-GFP antibody translocation were recorded in 1 M KCI, 10 mM
Tris-EDTA, pH 8.0 buffer at -500 mV. Data were sampled at 1 MHz and further low-pass filtered at 10 kHz. (c) Scatter plot of peak
amplitude versus dwell time. (d) Distribution of the dwell time and peak amplitude for the translocation of eGFP-K72 with anti-GFP
antibody (1: 10).
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Figure S21. Identification of protein-protein interactions with SUP and without SUP. Scatter plots of (a) 10 nM anti-GFP antibody, (b) 1
nM eGFP + 10 nM anti-GFP antibody, (c) 1 nM eGFP-K72 and (d) 1 nM K72 + 10 nM anti-GFP antibody was compared with 1 nM eGFP-

K72 + 10 nM anti-GFP antibody.
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Section S5. Data analysis
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Figure S22. Workflow of the Nanopore App for data analysis. (a) Data import and filter. In this step, nanopore data was loaded into the
Nanopore App and then resampled and low-pass filtered dependent on the signal-to-noise ratio (e.g., 1 MHz sampling rate and 10 kHz
low-pass filter). (b) Baseline tracking and threshold. The baseline was tracked to compensate for fluctuations in the current recordings.
A histogram of all points was fitted by a Poisson distribution for the baseline, and a threshold (e.g., 7 o) was used to classify events. (c)
Peak selection. Events with a peak amplitude above the set threshold were selected. (d) Subpeak analysis. Multiple levels of an event

were classified using cumulative sum (CUSUM) analysis, and subpeak amplitude and fractional position could be exported.
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